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Abstract
Thispaperattemptstostudynumerica]lyheattrans他randnuidmowcharacteristiofbrbrick(s)elementinarock
bedheatstoragetanksystemoilheemphasisofthisstudyistomakecleartheeffectofthebricksurfacesandarrangement
onthetotalperfbrmanceoftheheatstoragetank､Ａｐｌ８ｊｎｓurfacebrickwithtwotypesdifferentpositionsi.e､inclineand
paranelwiththestreamflowwerestudied,Thebrickwasheateｄｂｙｈｏｔａｉｒ５０ｏＣａｎｄｖｅｌｏｃｉｔｙ０．１ｍ/shominitialcondition
20oC,Ｌａｍｍａｒ,transientandtwo-dimensionalgovermngequationsaresolvedbyusingSIMPLEalgorithm､Thecalculation
resultsshowthatthepresenceofthedimplesonbricksur色cesdidnotenhanoetheheattransfbrratefromtheairmtothe
brick、Ｔｈｅinc]inepositionofthebricktowardupstreamenhancestheheattransibrratesigniEcantly・Basedonthese
resultsafUnscaleheatstoragesystemsconsistofasetsofplainbrickswerealsostudied､Ａｓｅ]叩ected,theheatstorage
tankwithinclmedpositionsofbricksrevealthebetterperfbrmanceofstoringheatfromthehotajrcomparedtothe
parallelposition．
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１．Introduction
Solarenergyhasrecejvedbigconsiderationsln
recentyearsdueto］imitationoffossilsourceenergy、
Althoughthesolarenergyisabundantbuttherearemany
problemstobeagednstwhenusmgsolarenergyNoticeable
example，ｌｏｗｑｕａ]ityofheatandstronglydependon
weather・Baseｄｏnthoseproblemsithasbeenrealizedthat
difficulttodoconverslonsolarenergytothehighleve］
energysuchasmechanicalenergyorelectric8jenergy、
FromefEciencyandeffbctivenesspｏｉｎｔｏｆｖｉｅｗ，
usmgsolarenergyasaheatisbetterthantransformitto
theotherenergyfbrmTherefbre,ｕｓｅｔｈｅｓｏlarenergyasa
heatsourceforroomheatinginthewinterseasonlsa
promisingapp]ication、However』thisapplicationstin
needsanmnOvation．Ａｈｅａｔstoragetankisneeded
becausethedｊｆｆｅｒｅｎｔｏｆｔｈｅｕｓｉｎｇｔｉｍｅａｎｄｔｈｅａv8jlable
timeofthesolarenergy,AmaJorpartofstoringenergy
problｅｍｌｉｅｓｉｎｔｈenuidnowcharacteristicandheat
transfer,Powerupperibrmanceoftheheatstoｒａｇｅｔａｎｋｉｓ
ａｍｏｓｔｔｏｌ〕ｉｃｉｎｔｈｉｓａｒｅａ・Thereareseveraltechmquesm
orderｔｏｓｔｏｒｅｔｈｅｈｅａｔｉ.e，usmgPCMmaterial，porous
medium,ａｎｄｓｅｔｓｏｆｂｒｉｃｋ､Inthjspaper,ｗｅｆｂｃｕｓｏｎｕｓｉｎｇ
ｏｆａｓｅｔｏｆｂｒｉｃｋｓａｓａｈｅａｔｓｔｏｒａｇｅｔａnkelement，
Theobjectiveofthisresearchistostudytllenuid
Howandheattrans色rcharacteristicoftheheatstoragｅ
ｔａｎｋｂｙｕｓｍｇａｓｅｔｏｆｔｈｅｂＩｉｃｋｓ・Ｔｈｅｅｍｐｈａｓｉｓｏｆｔｈｉｓ
ｒｅｓｅａｒｃｈｉｓｔｏｍａｋｅｃｌｅａｒｔｈｅｅ鮭ｃｔｏｆｔｈｅｂｒｉｃｋｐｏｓｉｔｉｏｎｓ
ａｎｄｂｒｉｃｋｓurfacesonthefluidnowandheattransfer
charactelistics、Theresultscanbeexpectedfromthis
studyistosupplyanecessaryinformationofbricksheat
storagetankdesignandoptimization．
2．Problemdehmtion皿dmode]jng
lnordertoacquiretheseobjectivestwommnparts
ofnumericalcalculationswerecarriedout･Thefirst
calculationlsabasicstudyontheinnuenceofabrick
positionanditssurfacesindjyidually,Secondiscalculation
foraheatstoragetanksystemwhichcontamsasetof
bricks、Thebrickssur色cesandpositionsinthesecond
calculationarebasedontheresultofthefirstcalculation・
Inthefirstcalculation，ａｂｒｉｃｋｉｓｈｅａｔｅｄｂｙｈｏｔａｉｒ
５００Ｃｗｉｔｈveloc此ｙ０．１ｍ/ｓｈ，ominitialtemperature200C・
Ahorizontalbrickwiththreediffもrentsurfacesl‘e・plain
surface，ｄｉscontinuoussurfaceswithsquaredimples，ａｎｄ
ＡＭＢＡＲＩＴＡＨｉｍｓａｒ,MuroranlnstituteofTechnologybMuroranshiMizumotocho27･ｌＯ５０－００７１ＪＡＰＡＮＴｅｌ、０１４３－４６．５３０２
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Ｃｏｍｂｉｎａｔｉｏｎｏｆｔｈｅｉｎ－ｍｎｅａｎｄｓｔａggeredwith
thehorizontalandinc]inedpositionsofthebrickswere
considered、Thesecombinationsweredjvidedintofour
rIiffbrentmodelsandnamedasfollows・
Model-1:Heatstoragewithin-Iinehorizontalbricks
Model-2:HeatStoragewithstaggeredhorizontalbricks
Model-3:HeatStoragewithin-linemc]inedbrioks
Model-4:HeatStoragewithstaggeredinchnedbricks．
Ａ]lofthemodelsaredepictedinFigurｅ２，Figure
3,Figure4,ａｎｄＦｉｇｕｒｅ５．
triangledimPleswerestudied・Thentheplamblickin
inc]inedPosition（450)towardtotheupstreamwerealso
studied・PositionsofthebricksaredepicteｄｉｎＦｉｇｕｒｅｌ・
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Figure’Positionofthebrick(a)horizontalpOsitionand(b）
inclinedposition
Figure8Model-2:Staggeredhorizontalbricks
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Figure4Model-8:In-hneinclmedbricksarrangement
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蕊Inthesecondpartofcalculation，aheatstoragetankthatcontainsasetofplainbrioksisheatedbyhotair500CwithvelocityO,１ｍ/shominitialtemperature200C・ThereasonofusingtheplEdnsurfacesofthebrickswj1lbeexplainednextintheresultpartofthisPaper． 、=Ｕ１月T=ヱパ
堅＝0,"＝0,v＝ｏ
ｎ帥 Figure5Model-4StaggeredinchnedbricksarrangementAliWaIls
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3．Mathematicalmodel
Themowisassumedtobetransient，laminar，and
two-dimensional･Thecompressibi]ity，radiationheat
exchange,buoyancyfbrce，anddissipationsareneg1igible，
Anofthethermalpropertiesareoonstant､Thegovernmg
equationsare・
Continuityequation
２L+聖＝０ （１）
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Figure6Thebluecolorindicatesthelowertemperature
andtheredcolorhighertemperature、Ｔｈｅｉｎｃｒｅｍｅｎｔｌｎ
ｔｈｅｆｉｇｕｒｅｉｓｌＯ％ofthehighestandlowesttemperature，
Ｔｈｅｆｉｇｕｒｅｓｈｏｗｓｔｈａｔａｔｔｈｅｌｅｆｔｓｉｄｅｏｆｔｈｅｂｒｉｃｋ
(upstream)theisotherm]inesarecloselyduetothehigher
heattransfbrrate・Baseｄｏnthedensityoftheisotherm
linesinsidethebrick，thefiguresshowthattheheat
transferratethroughtheleftandrightsides（upstream
anddownstream)ofthebrickarehigherthanthatofthe
topandthebottomsides、n1eisotherm]inesaresmooth
duetoplainsurface・Thereisnosignificantdjfferentof
isotherm1inesfbrmofthedisContinuoussurfacebricksand
theplainbricks（theisotherm］inesfordiscontinuous
bricksarenotshown)．
r""……’二,-0‘祭-． (5)
(6)Theinlet：〃＝Ｕ…ｖ＝0,Ｔ＝Zo
Tho･utlo纏器－０器0器…d,=恥
Brickregionsz4＝,ノー０
(7)
(8)
Totalheatstoredbybricksiscalculatedby：
ｇ‘｡,＝Ｚｐか虚心雲c‘(zルー囚"） (9)
Therateoftheheattransfbrbetweenthebrickandtheair
iscalculateｄｂｙ：
，富z噺…+z鋤劃…！”
Equation（１０）ｉsusedwhentheparticularnodeoftl'e
brickshasbothverticalandhorizontalcontactsurfacesto
theair・Ifthenodehasonlyonecontactsurfａｃｅｔｏｔｈｅａｉｒ
ｏｎｌｙｏｎｅｐａｒｔｏｆｔｈｅｅｑｕation（10)isapplied,verticalor
horizontalonly・
Thermalproperties，ｋｑｐ，Ｐ，respectively
thermalconductivity(Ｗ/ｍ・'０，specihcheat(kJ/k9.K),and
densityOKg/ｍ３)ofthematenalsarelistedasfollows・The
bricksA=0.1,ｃ宏0.67,Ｐ＝1984,ａｎｄｆｂｒａｉｒＡ=0.026,
0p＝1.006,Ｐ＝1.165.Theinterfaceconductivitiesduetonon
uniformconductivitiesofthematerialmsidethe
computationaldomainwerehandledbyharmonicmean
conductivities．
4．Solution皿ethods
A]lofthegovemmgequationsarediscretized
basedoncontrolvolumeapproachonstaggeredgrid
system、Inordertoavoidthephysicallyunrealisticresult
duetotlmestepofthetransientproblemthefUⅡyimphcit
schemeisadopted、TohandUetheconvective-djffusio、
problem，ｔｈｅｐｏｗｅｒｌａｗｓｃｈｅｍｅ１ｓｕｓｅｄ、IIhesetsof
discreatizedljnearequationsaresolvedbyusmg
line-by-linemethodwhichiscombinedwithThomas
algorithm．’Ibcouplethepressuredistributionsand
velocitiestheSIMPLEalgorithmisemployed・Iterations
processwi]lbestoppedifthecontinuityequationis
satisfied（totalmassresidualcomparedtototEdmass
frominletareais≦10-3)．Basedonthisprocedurethe
FORTRANcodeshavebeendeveloped
?????．???????
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Figure61sothermlmesinsidethebrickforhorizonta］
plainbrick
Ｉｎｏｒｄｅｒｔｏｍａｋｅｃｌｅａｒｔｈｅｅｆｆｅｃｔｏｆｔhebrick
surface，totalheatabsorbedbyplgdnsurfacebrickand
discontmuousbrick，squareandtriangledimples，are
showninFigure7．
Ⅱ
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Figure7Totalheatstoredbyplainbriokand･discontinuous
brick
'一一Piain-←squaredimple--triangeIdimplｅ
丘.Z・邸姥“ｏｆ坊ｅ６画ｃｋｓｕｚ造ces
Theisothermlinesinsidethebrickfbr4r=1ｈ，
2ｈ，３ｈ，and6hforhorizontalplainbrickarｅｓｈｏｗｎｍ
5．Resultm-,rldiscussion
Calculationsforalｌｃａｓｅｓｗｉｔｈｔｉｍｅｓｔｅｐ１０
ｓｅｃｏｎｄ，lminute，ａｎｄｌＯｍｉｎｕｔｅｆｏｒｔｏｔａ１６．５hourswere
caTTiedout．
』?
》?
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層謹鱗
騨軍
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transferrate・Sincetheplainbrickhasnoreducedelement
thetotalheatstoredbythisbrickisthehighest、InthG
discontinuousblicksbecauseoftheelementofthebIicks
adjacenttothenowingairisreducedduetopresenceofthe
dimples,thetotalheatstoredbythisbncksarelowerthan
theplainbrick、Ｏｎｔｈｅｏｔｈｅｒｗａｙｃａｎｂｅｓａｉｄｔｈａｔｔｏｔａｌ
ｈｅａｔｓｔｏｒｅｄｉｎｔｈｅｐｌａｉｎｂｒｉｃｋｉｓｂｉggercomparedtothe
discontinuousbricksbecauseofthetotalmassofthebrick
discontinuousbricksarelowerthantotalmassofthebrick
mcase-１．
ａ２’厘鈴“ｏｆ坊ｅムｒ２ｍｋｐｏｓ必z,on
Inordertomakecleareffectofthebrickposition
tothestreamflow,calculationabrickwithhorizontaland
inc]inedpositionswerecarriedoutandresultispresented
inFigure9andFigurelO・
Ｆｉｇｕｒｅ９ｓｈｏｗｔｈａｔｆｂｒａｌｍｏｓｔａｌｌｓｉdesofthe
brickisothermlinesareclosely.Ｉtdoesmeanthattheheat
transfbrrateshomthesesidesarebigger･Ｔｈｉｓresult
』readye沖ected・Smcethepositionofthebrickisinc]ined
towardstotheupstream，thesurfacesclosetothe
acceleratednowislarger・Theacceleratednowresultsthe
biggertemperaturegradientconsequentlyheattransfbr
rateisenhanced．
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Figure91sotherm]jnesinsidetheinc]inedbrick
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一一Ｈｏｒｉｚｏｎｔａｌ－←ＩｎｃｌｉｎｅｄThetotalheattransferratefromairintothe
brickforplajnbrickanddiscontinuousbricksareshownm
Figure８．Forallbricks，ａｓｅ]叩ected,therateoftheheat
transferisdecreasmgwithtimeelapse、Thegraphshows
thatforpl8dnbrickthetotaltransfもrheatrateisthe
biggest､Basedonthoseanalysiscitedabove1itisclearthat
employplainsurfacebxickisbetter．
FigurelOTotalheatstoredbybrickforhorizontalblick
andinc]inedbrick
FigurelOshowsthattotalheatstoredbybrick
fbrhorizontalandinc]ｍｅｄｂｒｉｃｋ･Sincetheheattransfer
ratefbrinc]inedbrickisbiggerthanhorizontalbrickthe
totalheatstoredforinclinedbrickisbigger､Basedonthis
discussionisbettertoemploytheplainbrickwithinclined
position．
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鱗i鍵１総lＩｉ 丘8.4ppZzba如刀”坊eheaｵs”渡g巴ａｊ７ちけeﾉ刀Calculationfbrheatstoragetankconsistof24plecesofplainbnckswithfburdjffbrentarrangements
werecarxiedout･Streamlinesandtemperature
distributionsinsidetheheatstorageat4r＝lh6minute
forallmodelsareshownｉｎＦｉｇｕｒｅｌｌａｎｄＦｉｇｕｒｅｌ２･Ｉｔｃａｎ
ｂeseenclearlythatinclinedandstaggeredpositionhas
stronglyinmuencetotheflowcharacteristicmsidetheheat
storage，Inadditiontheflowcharacteristicinfluencesthe
heattrans生ｒｒａｔｅｆｒｏｍｔｈｅａｊｒｉｎｔｏｔｈｅｂｒｉｃｋｓ・The
influencecanbeseeninFigurel6.Thefigureshowsthat
fbrhorizontaJinlinepositionofthebricks(modell)output
airtGmperatureishighercomparedtotheothers，
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Totalheatstoredforallmodelsaredepictedin
Figurel3,Ｔｈｅｆｉｇｕｒｅｓｈｏｗｓｔｈａｔｔｈｅｍｏｄｅｌ４ｒｅｖealsthe
bestperfbrmancetostoreheatfromthe8dr‘
Pressuredropisanessentialprobleminthe
heatstorageapplication・Inthisnumericalstudythe
pressurｅｄｒｏｐｍｓｉｄｅｔｈｅｈｅａｔｓｔｏｒａｇｅｆｂｒａｎｍodelalso
calculatedandtheresultsarepresentedinFigurel5､The
graphshowsthatpressuredropfbrmodel-4isthehigher
comparedtotheothermodels､Itistruethatpressuredrop
formodel-4ismorethan500％comparedtomodel-1and
model-2､ButthevalueofthepressuredroPfbrmodel-4is
onlyO､5N7m2becausethemletvelocityissman．
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Efficiencyfbra]lmodelsisdepictedinFigurel4、Inthe
graphx-a漣sistimeinsecondandlogaxithmicsc8Jeisused
inthisa五s、Ｔｈｅｇｒａｐｈｓｈｏｗｓｔｈａｔｆｂｒａｌｌｍｏｄｅｌｓａｔｔｈｅ
ｔｉｍｅｌｅｓｓｔｈａｎｌＯ３ｓｅｃｏｎｄｔｈｅｅｆficiencyisincreasing、Ｉｔ
ｄｏｅｓｍｅａｎｔｈｅｒａｔｅｏｆｈｅａｔｓｔｏｒａｇｅｉｎｓｔｏｒｉｎｇｔｈｅｈｅａｔｉｓ
positive，Ａｆｔｅｒｌｈｏｕｒｔｈｅｒａｔｅｆｂｒａｎｃａｓｅｓａｒｅnegative、
Fromｔｈｉｓｇｒａｐｈｉｔｃａｎｂｅｓｅｅｎｔｈａｔｍｏｄｅｌ"４reveB1sthe
bestefiiciencyandｓｔｍｃａｎｓｔｏｒｅｔｈｅｈｅａｔｍｏｒｅｔｈａｎ５0％
until2.104second(５hours)ofstoriI1gtime，Thejudgment
alsocanbemadebasedonthegraphibrthisparticular
typeａｎｄｄｉｍｅｎｓｉｏｎｉｔｉｓnotrecommendedtooperatethis
heatstoragetankmorethan5hoursbecausetheefficiency
wmbelessthan50％．
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6．Conclusions
Theconclusionscanbemadeareasfonows：
1．Ｔｈｅｐｒｅｓｅｎｃｅｏｆｔｈｅｄｊｍｐｌｅｓｏｎｔｈｅｓｕrfacesofthe
bricksisreducingthetotalheatstoredinsidethe
brick、
2．IIhedimPlesalsoreducingtherateofheattransfbr
fromtheairintotｈｅｂｎｃｋｏ
３、Inclinepositionofthebrickrevealsthebestpositionin
ordertoenhancetheheajjtransfbronthebncks、
4．Apphcationtotheheatstoragetankcombinationof
inclinedandstaggeredPositionoftheblicksreveals
thebestperfbrmance，
5．Fortheparticularproblemthatcitedabovethestoring
durationshoulｄｎｏｔｂｅｍｏｒｅｔｈａｎ５ｈｏｕｒｓ．
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Figurel4StorageE値ciencyfbrallmodels
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